Overuse of chemical fertilizer has led to severe land degradation and environmental pollution in China. Switching to organic fertilizer may improve soil quality and reduce pollution, which is meaningful to the sustainable development of Chinese agriculture. This study examines how farmers' perceptions and risk preference affect their organic fertilizer investment using a representative rural household survey from Guangxi, a major agricultural region in China. Tobit and double-hurdle models are used to empirically test their impacts on organic fertilizer adoption and investment. An ordinary least squares model is used to regress chemical fertilizer use on the same set of explanatory variables to compare and contrast farmers' different fertilizer investment behaviors. It is found that both organic fertilizer perceptions and risk attitude significantly affect organic fertilizer investment. Perceived yield-increasing and quality-improving effects encourage organic fertilizer investment, while perceived cost increases discourage it. Moreover, risk-averse farmers are more likely to invest in organic fertilizers. Most of the perceptions affecting organic fertilizer investment have an opposite impact on chemical fertilizer investment, which suggests substitutability between organic and chemical fertilizer. Interventions that aim to improve farmers' perceptions of organic fertilizer and illustrate its risk-reduction effect could be effective in promoting organic fertilizer use, which can help achieve China's sustainable development of agriculture.
Introduction
Fertilizers play a very important role in increasing the crop output and ensuring food security in many countries. However, the overuse of chemical fertilizer has led to severe environmental issues such as land degradation, non-point source pollution, and greenhouse gas emissions [1] [2] [3] [4] [5] . In China, the world's largest consumer of chemical fertilizer, overuse of chemical fertilizers is more serious [6] . In 2015, China consumed 60 million tons of chemical fertilizer [7] , accounting for over 30% of world chemical fertilizer consumption on only 9% of global cropland [8] . Reduction of chemical fertilizer use is needed to mitigate these negative effects, which can be done while still meeting China's food demand [9] . Consequently, the Chinese government has recently exerted increasing efforts to reduce chemical fertilizer overuse and aim to reach zero growth in chemical fertilizer and pesticides use by 2020, which specifies incentive subsidies and tax exemption to organic fertilizers as well as formula fertilization with soil testing [10, 11] . It is widely recognized that organic fertilizer can significantly improve soil quality and nutrition, farm productivity, and avoid adverse environmental and health impacts from agricultural chemical use and thus help achieve sustainable agricultural The rest of the article is organized as follows. Section 2 describes the survey data and analytical methods. Section 3 presents the empirical results and their robustness. Section 4 provides discussion with policy implications, Section 5 concludes our findings.
Methods and Data

Methods
To investigate organic fertilizer adoption, especially the possible roles of perceptions and risk attitude, a Tobit model is estimated. The Tobit model is appropriate in our case as: (1) not all farmers adopt organic fertilizer; and (2) the usages (measured by organic fertilizer expenditure) vary among adopters. The Tobit model is specified as follows:
In Equation (1), the latent variable Y * i is a stochastic variable that measures the investment of farmer i on organic fertilizer or chemical fertilizer in their farm, which takes the value of household's expenditure on organic fertilizers per hectare or zero otherwise. PR i represents farmer i's perceptions toward organic fertilizer, which are described in Tables 1 and 2 . AR i is farmer i's absolute risk aversion coefficient, the computation method of which is explained below. X i is a set of demographic and socioeconomic characteristics that possibly affect farmer i's organic fertilizer investment. α 1 , α 2 and α 3 are vectors of parameters to be estimated, and i is the normally distributed random disturbance.
To compare and contrast organic fertilizer investment, an ordinary least squares (OLS) estimation was performed for chemical fertilizer investment. Unlike the organic fertilizer case where only some of the farmers adopt/invest in it, OLS regression is appropriate for chemical fertilizer use since all farmers adopt it, thereby having positive amounts of monetary investment. The linear regression model takes the form of Equation (1) with the latent outcome on the left-hand side replaced by the observed chemical fertilizer investment.
As organic fertilizer investment is our primary interest, a double-hurdle model proposed by Cragg [46] was further estimated to help check the robustness of our Tobit model estimates and statistical inferences. The adoption equation and the investment equation in the double-hurdle model are respectively specified as:
where Z * i is a latent organic fertilizer adoption indicator and Y * i is latent investment. β 1 , β 2 , β 3 , γ 1 , γ 2 and γ 3 are vectors of parameters to be estimated, and u i and v i are independently and normally distributed with a zero mean and unitary variance. The observed investment Y i relates to the latent investment Y * i such that:
The double-hurdle model is different from the Tobit model as it allows separate stochastic processes for the participation and consumption decisions. Therefore, it serves as an ideal robustness check exercise.
In empirical analysis, a common approach of a lottery-choice experiment is employed to elicit the farmer's risk preference. The choice experiment uses a "multiple price list" (MPL) design where farmers are presented with several lottery choices all at once, following Binswanger and Sillers [47] , Holt and Laury [34] , and Yusuf [35] . This experiment method is easy to explain to farmers and the data obtained from this approach is easily interpreted [48] . In the risk preference experiment, a farmer makes a series of ten choices between two lotteries, A and B, reported in Table A1 in the Appendix A. Option A is the "safe" choice whose payoff is less variable than the potential payoff in the "risky" option B. For each decision, a farmer has to choose either option A or option B and should cross over to option B when the probability of the high payoff increases enough. Although ten decisions are made, only one is randomly selected as binding. The farmer's choices are then used to determine risk preference using a utility function. The details are provided in the Appendix A.
Survey and Data Description
This study was facilitated using a rural household survey conducted in Guangxi, China from August 2016 to June 2017. A multi-stage stratified sampling strategy was used in data collection. In the first stage, primary sample areas were selected according to the ranked contribution of rice/banana to local agricultural economy based on historical production data. Seven prefectural-level cities were selected, representing 50% of the total of 14 prefectural-level cities in Guangxi as the primary sample units. In China, prefectural-level city is an administrative division, ranked below a province and above a county in China's administrative structure. It is not often a "city" as it usually contains multiple rural counties and equivalent subdivisions. Therefore, farmers are well represented in prefectural-level cities. According to the first stage sampling, the survey covers seven prefectural-level cities-Nanning, Baise, Guigang, Yulin, Qinzhou, Guilin, and Liuzhou-which jointly contribute about 60% of rice and 80% of banana production of the province. Figure 1 shows the locations of these cities. In the second stage, 12 rice-producing counties and 10 banana-producing counties were selected, which represent 50% of the total of 24 major rice-producing counties and 20 major banana-producing counties in these prefectural-level cities according to the aggregate rice and banana cultivation areas in the past four years (2013) (2014) (2015) (2016) . In the third stage, three towns in the top ten towns were randomly selected in terms of rice/banana production in each county. Finally, fifteen rice farmers and ten banana farmers were randomly chosen from each town. As the focus of the survey is fertilizer investment, the surveyed households selected in these samples have met two conditions: (1) rice/banana is grown for commercial markets rather than mere self-sufficiency; and (2) rice/banana cultivation is the major source of household income. According to the survey, a total of 480 rice households and 290 banana households were sampled in 36 rice-producing and 30 banana-producing towns, among whom 365 rice farmers and 240 banana farmers were interviewed and have all information appropriately recorded (with an average effective response rate of 78.6%). ten decisions are made, only one is randomly selected as binding. The farmer's choices are then used to determine risk preference using a utility function. The details are provided in the Appendix A.
This study was facilitated using a rural household survey conducted in Guangxi, China from August 2016 to June 2017. A multi-stage stratified sampling strategy was used in data collection. In the first stage, primary sample areas were selected according to the ranked contribution of rice/banana to local agricultural economy based on historical production data. Seven prefectural-level cities were selected, representing 50% of the total of 14 prefectural-level cities in Guangxi as the primary sample units. In China, prefectural-level city is an administrative division, ranked below a province and above a county in China's administrative structure. It is not often a "city" as it usually contains multiple rural counties and equivalent subdivisions. Therefore, farmers are well represented in prefectural-level cities. According to the first stage sampling, the survey covers seven prefectural-level cities-Nanning, Baise, Guigang, Yulin, Qinzhou, Guilin, and Liuzhou-which jointly contribute about 60% of rice and 80% of banana production of the province. Figure 1 shows the locations of these cities. In the second stage, 12 rice-producing counties and 10 banana-producing counties were selected, which represent 50% of the total of 24 major rice-producing counties and 20 major banana-producing counties in these prefectural-level cities according to the aggregate rice and banana cultivation areas in the past four years (2013) (2014) (2015) (2016) . In the third stage, three towns in the top ten towns were randomly selected in terms of rice/banana production in each county. Finally, fifteen rice farmers and ten banana farmers were randomly chosen from each town. As the focus of the survey is fertilizer investment, the surveyed households selected in these samples have met two conditions: (1) rice/banana is grown for commercial markets rather than mere self-sufficiency; and (2) rice/banana cultivation is the major source of household income. According to the survey, a total of 480 rice households and 290 banana households were sampled in 36 rice-producing and 30 banana-producing towns, among whom 365 rice farmers and 240 banana farmers were interviewed and have all information appropriately recorded (with an average effective response rate of 78.6%). The survey consisted of regular questions and a choice experiment eliciting the risk attitude of respondents. Household data include: (1) farmers' demographic characteristics such as gender, age and education; (2) farmers' household characteristics, such as number of household members and off-farm work; (3) farm characteristics such as farm size, farm type, and input and output details The survey consisted of regular questions and a choice experiment eliciting the risk attitude of respondents. Household data include: (1) farmers' demographic characteristics such as gender, age and education; (2) farmers' household characteristics, such as number of household members and off-farm work; (3) farm characteristics such as farm size, farm type, and input and output details including organic and chemical fertilizer investments; (4) farmers' multiple perceptions toward organic fertilizer; and (5) farmers' risk preference estimated using a lottery-choice experiment with actual production data. Table 1 presents descriptive statistics of the outcome variables and covariates from the survey. A total of 41% of the rice farmers and 61% of the banana farmers used organic fertilizer, whereas all households applied chemical fertilizer in their farms. The average organic fertilizer investment was much larger among banana farmers, which could possibly be explained by the different agronomic features of these plants. Unlike rice, which is a staple crop, banana is a horticultural/cash crop, where farmers can be much more profit-driven and thus keener regarding organic fertilizer investment. Among the covariates, perceptions of organic fertilizers and risk attitude are our primary interest. It was seen that banana farmers generally agreed more on the advantages of organic fertilizers and agreed less on the disadvantages than rice farmers, with such discrepancies possibly coming from the varying agronomic features of the two crops. More than 82% of rice farmers and 68% of banana farmers were risk averse from the risk preference experiment, and the average risk aversion coefficient of rice farmers was 0.11 (risk averse to very risk averse class) and 0.06 (slightly risk averse class) of banana farmers. Thus, rice farmers were more risk averse. Most of the household and farm characteristics appeared to be similar between rice and banana farmers except that banana farms were noticeably larger (5.89 ha) than rice farms (2.13 ha). Table 2 further differentiates adopters and non-adopters of organic fertilizer among rice and banana farmers in reporting descriptive statistics. Pairwise t-tests are performed to check whether adopters and non-adopters significantly differ in observed characteristics. It is seen that, organic fertilizer adopters used significantly lower amount of chemical fertilizers, suggesting the possible substitution between these two. Compared to non-adopters, adopters were more likely to perceive the environmental friendliness of organic fertilizer, as well as its yield-increasing and quality-improving effects, and tended not to perceive high costs as a barrier of adoption. Moreover, adopters were more risk averse, observing higher average risk aversion coefficients for both crops. For both crops, organic fertilizer adopters were generally better educated, richer, more tenure secure, more likely to be cooperative members, and more likely to have had experience in organic-fertilizer-related training. However, for rice farmers, organic fertilizer adopters usually had smaller farm size, while for banana farmers, they often had larger size. Finally, non-adopters usually possessed more optimistic beliefs about their soil fertility than adopters. These statistically significant discrepancies directly point to the need for controlling these confounding factors in the following analysis, to correctly separate out and thus successfully identify the hypothesized impacts of perceptions and risk attitude, which is of our interest. Table 3 represents the regression results of organic and chemical fertilizer investment, respectively. Rice and banana farmers were analyzed in a parallel manner to compare the findings. All models were appropriately identified. The linear regression model predicting chemical fertilizer investment also provided an opportunity to test for possible multicollinearity. A variance inflation factors (VIF) test was performed, while all VIF values were less than 3. This concern was therefore minimized and our specification could be considered appropriate. 
Results
Determinants of Rice Farmers' Organic Fertilizer Investment
The perceptions of organic fertilizer play important roles in rice farmers' investment decisions. Specifically, perceived yield-increasing and quality-improving effects significantly encouraged organic fertilizer investment, while perceived cost-increasing discouraged it. The results regarding the influence of economic factors and adoption cost are consistent with Hou et al. [32] in Europe, who found that the major barriers to manure treatment technology adoption were related to economic factors and high processing cost. Comparatively, the result is not consistent with Wang et al. [19] who argued that expected revenue gain due to increase in yield does not significantly affect apple farmer's choice of organic fertilizer in China. The results also show that perceived soil improving effect was not found to affect organic fertilizer investment, though adopters generally perceived their soil quality to be poorer than non-adopters (see Table 2 ). Moreover, neither perceived slow effect nor environmental friendliness was associated with organic fertilizer investment. Intuitively, local environmental quality, mostly a public good, was not within the farmers' consideration in fertilizer investment decision, the latter of which were largely associated with the profit-maximizing arguments (yield-increasing, quality-improving, and cost-increasing). This is in line with studies suggesting farmers' awareness of water erosion and soil fertility decline is not significantly associated with land management investments [22, 31] .
The impacts of organic fertilizer perceptions on chemical fertilizer investment are also reported in Table 3 . All perceptions have opposite impacts. That is, perceived yield-increasing and quality-improving effects of organic fertilizer discourage chemical fertilizer investment, while a perceived cost increase of the former encourages it. These patterns jointly imply the substitutability between the two fertilizer types. This echoes with Zhao et al. [49] who suggest organic fertilizer use may reduce chemical fertilizer use in China. As expected, perceived environmental friendliness, soil improving effect, or slow effect of organic fertilizer were not affecting the amount of chemical fertilizer investment.
Risk attitude plays key role in fertilizer selection. Risk-averse farmers, as captured by the coefficient of absolute risk aversion, were more likely to invest in organic fertilizer. These farmers also tended to invest less in chemical fertilizer. Therefore, risk aversion stimulates the switch towards organic fertilizer. These results are consistent with Isik and Khanna [44] and Ramaswami [41] .
Intuitively, organic fertilizer can alleviate production risk through both conservation and yield benefits [12, 50] , and can be an effective risk management strategy.
Meaningful patterns were also observed among other covariates. Higher organic fertilizer investment was associated with better education, larger farm size, more secure land tenure, and previous organic fertilizer related training; these covariates all had opposite impacts on farmers' chemical fertilizer investment. Generally, the results are in line with Huang et al. [18] , Wu et al. [2] , Rakhshanda and Awudu [21] , and Xu et al. [15] . In addition, better soil fertility discouraged organic fertilizer use, which confirmed the pattern observed in Table 2 and implied farmers' general awareness of the conservation benefits of organic fertilizer. On the contrary, Yusuf et al. [22] found that farmer perception of soil erosion was not associated with investments in soil fertility control measures. The impact of farm size was relatively small. It is speculated that larger rice farmers may emphasize more on cost management. If there is little yield gain with organic fertilizer (as captured by the low broad agreement on yield-increasing effect, see Table 1 ), farmers may not be well incentivized.
Determinants of Banana Farmers' Organic Fertilizer Investment
Results from banana farmers exhibit similar yet slightly different patterns as compared to those from rice farmers. Like the rice model, perceived yield-increasing and quality-improving effects encouraged organic fertilizer investment, and a perceived cost increase discourages it. Different from the rice model, a perceived soil-improving effect significantly encouraged organic fertilizer investment. This result is consistent with Case et al. [30] who found soil structure improvement was the most important reason to use organic fertilizer among Danish farmers. Compared to rice farmers, banana farmers generally perceived their soil fertility to be poorer (Table 1) , and thus tended to apply organic fertilizer for conservation benefits. Moreover, the perceived slow effect of organic fertilizer was now found to be associated with increased investment among banana farmers, though the coefficient estimate was only marginally significant (at the 10% level). This is interesting because the slow effect, which was probably a disadvantage to rice cultivation, could indeed be an advantage for banana crops, which have a longer growth season (10-15 months), where the slow release of nutrients could potentially be desirable. This is quite different from existing research suggesting that the slow effect is a barrier to organic fertilizer use [32] . Similar to the rice model, environmental friendliness was not a driver of organic fertilizer investment among banana farmers. For chemical fertilizer, these perceptions all had opposite impacts on the investment, again suggesting the substitutability between these two. Moreover, these perceptions had much larger impacts among banana farmers compared to rice farmers, which agrees with the fact that organic fertilizer investment was much larger among banana farmers.
Risk aversion was positively associated with both organic and chemical fertilizer investments, which differed from rice where risk-averse farmers used less chemical fertilizer. It is known that rice needs more nitrogen, while banana needs more potassium [51] . However, potassium mainly comes from chemical fertilizer, and thus banana farmers have to use some chemical fertilizer. The impact magnitude of risk aversion was much larger for banana farmers than it is for rice farmers, which was intuitive as bananas require higher levels of investment and farmers may be more cautious in investment decision making.
Other factors encouraging organic fertilizer investment among banana farmers included education, tenure security, training, and soil fertility. All these significant determinants also had an opposite effect on chemical fertilizer investment. In addition, cooperative members tended to use less chemical fertilizer and had possibly utilized alternative technologies or input services from the cooperative. This is again consistent with those found by Ma et al. [13] and Wang et al. [19] .
Robustness Check with Double-Hurdle Model
The impacts of perceptions and risk attitude on organic fertilizer investment were also evaluated using double-hurdle model. Results of both the decision model and investment model are in Table 4 . Notes: Standard errors are reported in parentheses. *, **, and *** indicate statistical significance at 10%, 5%, and 1% levels, respectively. Source: Authors' survey.
For both rice and banana farmers, perceived yield-increasing, quality-improving effects, and cost increases significantly affected the farmers' organic fertilizer adoption decision (the first hurdle). However, the perceived quality-improving effect was not associated with the investment level among rice farmers (the second hurdle). It was therefore implied that, once a rice farmer decided to adopt organic fertilizer, the investment level was independent of the quality-improving effect, but rather the yield-cost tradeoff. Also, the perceived cost increase had no significant impact on the organic fertilizer investment level for banana farmers, which was only affected by yield and quality effects. This makes sense as banana crop need a larger amount of organic fertilizer and small fluctuations of its price may not prevent it from being cost-beneficial. Moreover, the earlier-found impact of the perceived soil-improving effect was confirmed in the investment model for banana farmers, though it did not affect the adoption decision. Lastly, environmental friendliness was again found to be independent of organic fertilizer adoption and investment.
Risk attitude was associated with both organic fertilizer adoption and investment level, which were significant for both crops. Risk-averse farmers were not only more likely to adopt organic fertilizer, but also tended to invest more. The result is consistent with Monjardino et al. [36] and Bezabih and Sarr [52] with respect to farmer's risk-averse decisions in Australia and Ethiopia. These findings are generally consistent with our main results, lending credence to the latter. Moreover, since the double-hurdle model differentiated adoption decision making and investment level, Table 4 provides additional insights to farmers' organic fertilizer use and may potentially assist policy decisions that target farmers' specific decision stages in this regard.
Certain discrepancies were also observed among the coefficient estimates of other covariates. For instance, the impact of farm size on rice farmers' organic fertilizer use was positive and significant in the Tobit model, yet such impact bore opposite signs in different hurdles of decision making. In context, this means that larger farmers tended to adopt organic fertilizer but not necessarily invest more. Also, tenure security was not significant in the rice model. This was possible as many rice farmers believed their land tenure (about 70% of total sample reported in Table 1 ) was secure, and so the variation was small. These discrepancies again provided additional information to our understanding of farmers' organic fertilizer use. Since we were primarily interested in perceptions and risk attitude, the above estimates generally confirmed the impacts assessed in our earlier procedure, and concerns over the robustness of our main results should be minimized.
Discussion
The above results consistently suggest that the perceptions and risk attitude played important roles in organic fertilizer investment. Among multiple perceived traits considered in the analysis, farmers' investment decisions were largely affected by the profit function arguments, namely the yield-increasing and quality-improving effects associated with organic fertilizer use, as well as a perceived cost increase. Crop-specific analysis further suggests that the soil improving effect of organic fertilizer was also important in banana production. However, environmental friendliness appeared to be unattractive to farmers, who may usually be myopic in developing countries and may need community-level coordination in providing environmental goods that benefit themselves in the long run [5, 18] .
The confirmed roles of perceptions and risk attitude in organic fertilizer investment have directed policy implications regarding environmental and agricultural sustainability in China. First, farmers' awareness and knowledge of the benefits of organic fertilizer can be potential targets of extension efforts that aim to promote organic fertilizer adoption and investment. For many years in the past, the highest level of chemical fertilizer use per hectare in China only got an intermediate amount of average crop yields relative to the rest of the world [2] . Actually the application of organic or organic-chemical fertilizer compounds may reduce the use and improve the efficiency of chemical fertilizers and improve the long-term productivity [49] . Therefore, knowledge training and demonstration about organic fertilizer use through the direct engagement of farmers in the field could be an effective approach to increasing awareness regarding the advantages of organic fertilizer use [11, 18] . Second, the cost factor cannot be overemphasized, which may deserve consideration of support in the short term and should be reduced through supply-chain efficiency improvement in the long term. That may imply interventions such as a subsidy for organic fertilizer processing technology, efficient and low-cost organic fertilizer research and development, and promotion and training to stimulate farm households to apply organic fertilizer [15] . Third, the risk-mitigating effect of organic fertilizer, if increasingly understood, may further incentivize the switch towards its use. In developing policies to stimulate the switch from chemical fertilizer to organic fertilizer, it is important to consider the relationship between various types of agricultural risks, the risk preferences of farmers, and farmers' input decisions [39] . Fourth, the so found impact was heterogeneous between rice and banana farmers, and intervention designs may need to be crop-specific. Given these notions, possible considerations include enhancement in field demonstrations of organic fertilizer application, as well as cost reduction through a variety of mechanisms, such as market regulation and provision of financial incentives to supply-side technological innovation, should consider specific crop features.
Additional insights were also provided by covariate impact estimates. To be specific, promoting the development of farmers' cooperatives and strengthening land tenure security can have positive impacts on investment in organic fertilizer. Improving tenancy contracts through longer tenure durations [21] and strengthening the cooperatives to provide more input service of organic fertilizers can be considered [13, 19] .
While our findings do not speak directly to the merits of these policies, they are worth careful consideration from central to local governments that aim to reduce chemical fertilizer use to realize sustainable agricultural development. The comparative analysis of rice and banana crops as examples of staple and horticultural crops, respectively, further confirms the need to consider crop features in promoting organic fertilizer investment. Although the results may not be universally consistent in the developing world, they could be potentially informative to areas with similar agro-ecological environments or areas at similar developmental stages where farmers' organic fertilizer perceptions and risk attitude are comparable.
Conclusions
Using a recent survey of rice and banana farmers from Guangxi province, China, we assessed the impacts of perceptions and risk preference on farmers' organic fertilizer investment. Through the estimation of a Tobit model, it was found that several perceived traits of organic fertilizer, including yield-increasing, quality-improving, and cost-increasing effects, as well as risk aversion, elicited from a lottery choice experiment, significantly affected farmers' investment behavior. These results were further compared and contrasted with estimates from an OLS regression that modeled chemical fertilizer investment, where most of these factors had opposite impacts on the use of the latter. Our main findings regarding organic fertilizer use were further validated in a robustness exercise where a double-hurdle model that differentiated adoption decision and investment level was estimated.
Our study adds to the literature by identifying the roles of farmers' perceptions and risk attitude in a typical agricultural region in China. Also, we confirmed the impact heterogeneity between rice and banana crops and suggested the need to design policy tools on a crop-specific basis to improve their cost-effectiveness. The remaining limitations, such as the cross-sectional nature of data and the specific geographical focus, jointly call for further research to help establish the external validity of the findings. Potential policies as discussed above may need further evaluation in context before implementation to maximize their cost-effectiveness.
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